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Abstract.

Purpose: Comparing 2 models or prototype programs which can recognize Indonesian Sign Language System or
Sistem Isyarat Bahasa Indonesia (SIBI) fonts from hand gesture and translate it’s into writing Messages in real-time.
Methods: After selecting datasets and reprocessed by the researcher into 1 dataset, which are a combination of several
sign image datasets of the SIBI letters images available on the Kaggle website, the dataset is converted into landmarks.
The landmarks are divided into 26 sign classes and preprocessed to a total of 19,826 rows of data, and then divided into
67% training data and 33% test data. Next, both K-NN and Random Forest algorithm are implemented into different
program and get tested into 2 different tests, model evaluation and real-time. At the end, the result is compared to see
the increase of accuracy level of both K-Nearest Neighbors (K-NN) and Random Forest algorithm.

Result: The constructed and trained model is then evaluated and the results of Precision, Recall, Accuracy, and F1-
Score are 99.88% using the Random Forest algorithm. The results of real-time program testing with the K-Nearest
Neighbors algorithm get higher results, where the average accuracy value reaches 99%.

Novelty: From the result shows that the model built with the Random Forest algorithm is superior, but the K-Nearest
Neighbors algorithm is better in real-time testing. Therefore, image data and its diversity should be increased, in order
to improve recognition accuracy. The program could be enhanced by adding a function where the program can
recognize hand gesture, not only one or two hands but also can recognize a hand gesture with movements so the program
can recognize static and dynamic letter (required hands movement).
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INTRODUCTION

Sign language is a language that prioritizes communication using body language and lip movements. Sign
language is generally used by the deaf community, combining movements of the hands, arms, body and
facial expressions to express what they want to say. In 2018, Adi Kusumo Baroto, a researcher in Indonesian
Sign Language, revealed to Berita Tempo that there are two sign languages used by the deaf community in
Indonesia, namely Bahasa Isyarat Indonesia (BISINDO) and the Sistem Isyarat Bahasa Indonesia (SIBI).
However, as the references and records regarding the BISINDO sign language were very minimal, the
Indonesian government then created a sign language which has been standardized for use in various schools
or special institutions, namely the Sistem Isyarat Bahasa Indonesia (SIBI1)[28][35][36].

Like any languages in general, sign languages also have dictionaries or translators that have been agreed
upon by both the government and the deaf community. The dictionary of the Sistem Isyarat Bahasa
Indonesia (SIBI), contains movements and forms of hand signals that represent letters and existing terms.
With our current technology, SIBI sign language dictionary are no longer has to be in a written record form,
but in a form of a program that can recognize hand gestures from the sign language. In other words, it’s
very possible if we made a program which can be recognize hand gestures movements of people--even in
a real time moment, by using the data-training which has been embedded into the Machine Learning as
knowledge based for the Sign Language recognition program.
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The methodology used in research on hand gesture recognition can be applied by various algorithms, such
as Deep Learning algorithm, namely Convolutional Neural Network (CNN), Support Vector Machine
(SVM), K-Nearest Neighbors (K-NN), Random Forest, and other algorithms [5][10][21][23][24][29]. K-
Nearest Neighbors (K-NN) algorithm is an algorithm that is often used on gesture recognition. In previous
researches, according to Taunk et al. in [32], K-Nearest Neighbor (K-NN) algorithm is a machine learning
algorithm that is non-parametric and a lazy learning algorithm [11][14][19][26][36], which means that the
algorithm does not make assumptions about the distribution of the underlying data, it does not use training
data to create a model, but only stores and remembers the training data, so it can be said to be lighter in
terms of computing load and time [10][11][19][33][36]. Meanwhile, the Convolutional Neural Network
(CNN) method was known less effective due to the heavy computational load or time [7][24][31].

Random Forest is an ensemble of numerous tree predictors-based approach in which N decision trees are
independently built by bootstrapping the data. Put forward by Leo Breiman and Adele Culter, random
forest, an integrated non-parametric learning machine with the purpose of sample training. The training
speed is fast, the implementation of the algorithm is simple and effective, a classifier with high accuracy
can be generated for varieties of data. Nevertheless, will be overfitting when dealing with some
classification and regression problems with loud noise, the property weights produced by random forests
on the data with different value properties are not credible [37][41].

This research was conducted to develop previous research on algorithm programs in sign language
recognition of letters from hand movements. Some of these researches includes study was conducted by
Damatraseta et al., which discussed real-time hand gesture recognition from videos using the Convolutional
Neural Network (CNN) algorithm; research using the K-Nearest Neighbors (K-NN) algorithm by
Alksasbeh et al [33]; and research using the Random Forest algorithm by Wiraswendro et al [34].
Specifically, this research was conducted to develop a program to hand gesture recognition of Indonesian
Sign Language System (SIBI) sign language letters from hand movements directly (real-time) by applying
two classification algorithms, namely the K-Nearest Neighbors and Random Forest algorithms, with the
aim to get the best comparison of them especially in accuracy values, both in the model or the results terms.
In addition, this research expected be a reference for creates communication media that is able to translate
sign language letters from gestures into written form with the result to be a connector communication
between deaf and non-deaf communities.

METHODS

The topics of this research studies include the SIBI sign language, hand gesture recognition, K-NN
algorithm, and Random Forest algorithm. The data collected is in the form of a dataset sourced from the
Kaggle site, which is sets of images of SIBI letters which will then be read to form coordinate points (hand
landmarks).

Data Used
The dataset consists of 26 hand shape alphabet images from ‘A to Y’ letters of Indonesian Sign Language
System (SIBI), except ‘J” and ‘Z’ letters, as described in Figure 1.
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Figure 1. SIBI Letters
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Training and Sampling Dataset
The 26 alphabet letters are divided into 26 folders according to the name of the letter class folder. Each
folder contains image data with name and type adjusted. The frequency every single letter of dataset
distributed as 1880 number letter image data with the total of 48,880 dataset. The frequency of SIBI letters
image shown in Table 1.

Table 1. Frequency of SIBI Letters Image

No Dataset Frequency
1 A 1880
2 B 1880
3 C 1880
1880
. . 1880
26 4 1880

Total 48.880

Dataset division was processed using the Scikit-learn library were 13,287 training data and 6,545 test data.
The dataset converted into landmarks, and would be read to form coordinate points (hand landmarks).
According to Mediapipe's official documentation, Mediapipe's hand landmark model detects 21 coordinates

based on the knuckles of the detected hand, as in the following image Figure 2.

The whole coordinates of image data will be extracted using Mediapipe Solutions, then will be manipulated
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Figure 2. Mediapipe Hand Landmarks
Source:Hand landmarks detection guide of MediaPipe, Google for Developers, t.t.

into a dataset by The Pandas library, such as visualized in table form as below Figure 3.

out[21]:

A
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D

1875
1876
1877
1878
1879

Jarchive\as!_alphabet_train\A\A1 jpg
farchive\asl_alphabet_train\A\A10.jpg
farchive\asl_alphabet_train\A\A100.jpg
Jarchive\as]_alphabet_train\A\A1000 jpg
Jarchive\as]_alphabet_train\A\A1001 jpg

farchive\asl_alphabet_train\A\A995 jpg
farchivelasl_alphabet_train\A\AS96 jpg
farchive\as!_alphabet_train\A\AS97 jpg
.farchive\asl_alphabet_train\A\A998 jpg
larchive\asl_alphabet_train\A\A999 jpg

1880 rows x 24 columns

<

Furthermore, letter class selection is carried out, where each letter class is targeted at 1000 columns
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Jarchive\asl_alphabet_train\B\B1000 jpg
Jarchive\asl_alphabet_train\B\B1001 jpg

larchive\asl_alphabet_train\B\B995.jpg
farchive'as|_alphabet_train\B\BI%6 jpg
farchivelas|_alphabet_train\B\BIS7 jpg
farchive\asl_alphabet_train'\B\B998.jpg
larchive\asl_alphabet_train\B\B999 jpg

farchive\as|_alphabet_train\C\C1 jpg
.[archive\as|_alphabet_train\C\C10.jpg
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Jarchive\asl_alphabet_train\C\C995.jpg
Jarchive\as|_alphabet_train\G\C996 jpg
Jarchive\as!_alphabet_train\C\C897 jpg
Jarchive\asl_alphabet_train\C\C998.jpg
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Figure 3. SIBI Letter Image Dataset

Jarchive\as|_alphabet_train\D\D1 jpg
farchive\as|_alphabet_train\D\D10.jpg
larchivelasl_alphabet_traim\D\D100.jpg
Jarchive\asl_alphabet_train\D\D1000.jpg
Jarchive\as]_alphabet_train\D\D1001 jpg
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containing coordinates or landmark points from the dataset hand image, as shown in Figure 4.
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lass [ v 2 v a3 v xa v S Vs 6 3 x7 % x8 ¥e x3 ¥ x10 y10 x11 yi1 x12 viz A3 vi3 x4
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055243 063774 029021 053782 0.14886 032551 017084 0.13269 027871 00345 035974 0.19115 040219 006374 036171 021876 036111 027245 052433 022483 055229 00985 0.47871 027919 0.48627 0.30166 0.6
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057251 064667 029733 056845 0.15029 037336 015361 018734 018994 006991 0.32119 023985 0365 01205 032852 025679 0.32874 031087 049833 026344 053492 0151 045145 031633 0.45294 033649 0.
057251 0.64667 0.29733 056845 0.15029 037336 015361 0.18734 018994 006991 032119 023985 0365 01205 032852 0.25679 032874 031087 049833 026344 053492 0151 0.45145 031633 0.45294 033649 0.€
056393 064536 029734 056966 0.14583 036883 0.14691 0.18212 0.8161 006635 03252 023619 037417 0.11711 033737 025311 0.3349 030747 049959 026407 055182 01549 0.4624 032149 04515 034112 0.
056393 064536 029734 056966 0.14583 036883 014691 0.18212 018161 006635 03252 023619 037417 011711 033737 025311 03349 030747 049959 026407 055182 01549 0.4624 032149 04515 034112 0.
056731 065595 0.29199 057898 0.13965 037949 014652 0.18815 0.16779 006949 031446 023847 036374 0.11747 032608 025949 032376 031172 049106 026504 053327 0.15564 0.4469 032782 0.44298 034055 0.€
055243 063774 029021 053782 014846 032551 017084 0.13269 027871 00345 035974 0.19115 040219 006374 036171 021876 036111 027245 052433 022483 055229 0.0985 0.47871 027919 0.48627 030166 0.€
056731 065595 029199 057898 0.13965 037949 014652 0.18815 0.16779 006949 031446 023847 036374 011747 032608 0.25949 032376 031172 0.49106 026504 0.53327 0.15564 0.4469 0.32782 0.44298 0.34055 0.
057432 063652 02956 055268 0.14157 036108 0.14111 017458 0.17098 005568 0.32418 022588 035846 0.10689 032048 024424 032632 029499 050124 025139 05311 0.13846 0.44267 030619 0.44861 03204 0.
057432 063652 02956 055268 0.14157 036108 0.14111 017458 017098 005568 0.32418 022588 0.35846 0.10689 032043 024424 032632 029499 050124 025139 05311 0.13846 0.44267 030619 0.44861 0.3204 0.
053825 0733 030242 063299 0.16888 039669 0.1761 0.19141 028599 010441 0.38277 021261 041806 0.10535 036846 0.27507 0.36857 030914 0.56382 024901 057019 0.17841 047609 0.37655 0.49386 036539 0.1
056568 064258 028945 056587 01359 03693 013891 01809 016445 006144 032048 023381 035173 01118 03145 024911 031931 030247 049379 025754 052131 0.14369 04351 031181 0.43984 032768 0.€
056568 0.64258 0.28945 056587 01359 03693 013891 01809 016445 006144 032048 023381 035173 01118 03145 024911 031931 030247 049379 025754 052131 0.14369 0.4351 031181 0.43984 032768 0.€
056726 064559 028751 056291 013528 03706 013933 0.18482 017146 00675 0.32313 023797 035978 0.11888 031608 0.25392 0.32007 030827 049799 026277 052879 0.14977 0.43681 031584 0.44212 033416 0.€
056726 064559 028751 056291 013528 03706 013933 0.18482 017146 00675 032313 023797 035978 0.11888 031608 025392 0.32007 030827 049799 026277 052879 0.14977 0.43681 031584 0.44212 033416 0.
05672 0.64397 029117 055568 014433 036357 01446 017998 01787 006147 033009 0233 036589 0.11245 032448 0.24697 0.32858 030329 050343 025853 053191 0.14764 0.4438 031171 0.45174 033188 0.€
05672 064397 029117 055568 0.14433 036357 01446 0.17998 0.1787 006147 033009 0233 036589 0.11245 032438 024697 032858 030329 050343 025853 053191 0.14764 04438 031171 0.45174 033188 0.€
057261 063569 029598 054835 0.14738 036084 014424 0.18059 018143 006298 0.33003 023102 036824 0.11225 032818 024479 0.33167 030024 050567 025726 053908 0.14779 0.44943 030802 0.45449 032801 0.6
055807 063852 029725 05224 016937 029921 020386 0.10405 030866 001002 0.38512 0.16635 043207 0.04343 038297 020028 0.37853 024721 054766 020444 058117 0.08094 0.49587 02634 0.50081 0.28056 0.€
057261 063569 029508 054835 0.14738 036084 014424 0.18059 0.18143 006298 0.33003 023102 036824 0.11225 032818 024479 033167 030024 050567 0.25726 053908 0.14779 0.44943 030802 0.45449 032801 0.€
056913 064734 028768 05564 0.14271 036894 0.14111 0.18883 017167 007007 03268 023801 036552 0117 032454 025221 032894 031095 050433 026405 053761 0.15361 0.44646 031743 0.45184 033729 0.
056913 0.64734 028768 05564 014271 036894 014111 0.18883 0.7167 007007 03268 023801 0.36552 0117 032454 0.25221 032894 031095 050433 0.26405 053761 0.15361 0.44646 031743 0.45184 033729 0.
057053 064512 029187 055066 0.1496 03668 014639 0.18862 0.18166 00684 033584 023804 036668 01189 032745 024806 033394 030544 050984 026293 053367 0.15171 0.44828 03083 0.45947 033214 0.
057053 064512 029187 0SS066 01196 03668 011639 0.18862 0.18166 00681 033581 023801 036668 01189 032745 024806 033394 030541 050984 026203 053367 0.15171 0.44828 03083 0.45947 033214 04
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Figure 4. Landmarks of SIBI Letter by Mediapipe Solutions

The next process, landmarks are divided into 26 sign classes and preprocessed to a total of 19,826 rows of
data, and then divided into 67% training data and 33% test data. The dataset will be processes and test using
the model which is built using K-Nearest Neighbors, Random Forest algorithm and the Python
programming language version 3.9 with Jupyter Notebook, Mediapipe and scikit-learn libraries. To
visualization flow for data testing the System of Indonesian Sign Language (SIBI) is described in below

Diagram Flow Figure 5.
fRead g Image Data f

l
Preprocessing &
Create dataset

\.‘f'

Development and
Training Model using
K-NM and Random
Forest Algorithm

Testing program and
Evaluation
Figure 5. Data Testing Flow

The testing process is divided into two processes, that is model evaluation testing and real-time program
testing. The results of the testing processes are carried out by comparing the results of the precision, F1
Score, and recall produced during the evaluation test, as well as the accuracy of real-time hand gesture
recognition of SIBI letter.

Comparative of K-Nearest Neighbors and Random Forest Algorithms

According to [11][12][18][19][33][36], the way K-NN algorithm works is by determining the number of
neighbors (k) which will be used as an estimate for class determination. The formula for calculating
similarity weights with the K-NN algorithm is to use the Euclidean distance (D) formula from training data
(x) and test data (y), which is written in the following equation:

)
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The Random Forest algorithm is a development of the decision tree algorithm, which is a collection of
classification tree structures as following:
{h(x, k), k = 1,...} 2

The k values are random vectors that are distributed independently and identically, and each tree produces
one of the most popular results given the input x. Quoting from Breiman, the classification of the Random
Forest Algorithm is determined based on the voting results of the most popular results. The tree collection
was obtained through the bootstrap aggregating (bagging) process [2][4][7][8][38]. This algorithm works
by combining n decision trees to build a random forest. Then, this process is continued with each tree to
produce predictions, which will then be carried out by a voting process using the mode (the value that
appears most frequently) to select the final prediction result [22][24][31][39].

To initialize the RandomForestClassifier class, the decision tree is determined randomly with the
n_estimators command and controlled using the random_state parameter as much as 1234. Subsequently,
after a hyperparameter search completed, then based on the best results of hypertuning model process, it is
determined that the number of parameters such as decision trees, max_depth, and max_features is 100 trees.

RESULTS AND DISCUSSIONS

Real-time Testing

Program testing was carried out in real-time using a Dell G3 3500 Laptop webcam with an RGB HD
Camera type and a camera resolution of 1280 x 720 (HD) at 30 fps. In this testing process, letter recognition
was measured based on the distance between the hand and the webcam. To start the hand detection and
recognition process, the program captured landmark coordinates as view on the Figure 6, then the model
will be using them as data ‘memorized’.

N £ ' , o »",
Figure 6. Real-time SIBI Letter Recognition

Result

As previously mentioned, the aim of research using two the two algorithms namely K-Nearest Neighbors
and Random Forest, is to see a comparison of them, especially in terms of Accuracy, Precision and Recall
evaluation tests. Referring to the model we created in this research, using a dataset of 24 SIBI letter classes
which is further divided into 13,322 training data and 6562 test data, calculations measured using the Multi
Class Confusion Matrix produce data interpretation [39][40] as presented in Table 2 and below Figure 7.

Table 2. Comparison of the calculations results between KNN and RF Algorithm in Accuracy, Recall,
Precision, and F1-Score

Measurement KNN Random Forest
Prev. Research [10] Development Prev. Research [11] Development
Accuracy 97.12% 99.60% 98.6% 99.88%
Recall 97.09% 99.60% .98.66% 99.88%
Precision (not specified) 99.62% 98.66% 99.88%
F1-Score (not specified) 99.60% (not specified) 99.88%
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Uji Evaluasi Model

Fl1-Score 99.60% 99 8B%
Precision 39 62% 99 BB%

Recd a9 60% 99 BB%
Accuray 99.60% 99 BB%

99 .45% 99.50% 99.55% 99 60% 99.65% 99.70% 59.75% 99.80% 99 B5% 99 .50% 55.95%

UjiRF W UjiKNN
Figure 7. Chart Evaluation Test Comparison of Model KNN and RF Algorithms

Based on Table 1 and Figure 7 above, it can be concluded that the model applied with the Random Forest
algorithm has a higher value than the model applied with the K-Nearest Neighbors algorithm, which is
model using the K-Nearest Neighbors (K-NN) algorithm resulted a score of 99.60% for its F1-Score, Recall
and Accuracy values; meanwhile, the model using Random Forest algorithm resulted a score of 99.88% for
its F1-Score, Precision, Recall and Accuracy values. However, the level of accuracy obtained in this study
was able to exceed the level of accuracy of previous research.

Discussion

The model of this research can only recognize SIBI letters through landmark patterns of static hand sign
language image, and do not recognize from videos with dynamic movements. So that, it can only recognize
24 letter classes from 26 hand sign language A to Z of the alphabet letters in real time, except for the J and
Z letters, because of these two letters require movement to demonstrate. The development of this research
also can only compare the result of accuracy; precision; F1-Score; and recall by applying each K-Nearest
Neighbors (K-NN) algorithm and the Random Forest algorithm to the model then testing separately, so it
has not yet reached the experimental stage of combining the two algorithms.

CONCLUSION

Main objective of this research is to compare two algorithms, are K-Nearest Neighbors and Random Forest
in sign language recognition of SIBI letters from real time hand movements, as well as increasing results
the accuracy of research previously, especially in terms of Accuracy; Precision; F1-Score; and Recall. In
this our model, from 26 alphabet letters, only uses the 24 letter SIBI image data dataset (without the letters
"J"and 'Z") with the total of 48,880 datasets, then processed to landmarks coordinates with a total of 19,826
rows landmarks data. Then, the landmarks data divided into 13,322 (67%) training data and 6562 (33%)
test data. The model with the application of the K-Nearest Neighbors (K-NN) algorithm resulted in a score
of 99.60% with an increase in accuracy of 2.48% from previous research was a score as 97.12%.
Meanwhile, the model using Random Forest algorithm resulted in a score of 99.88%, an increase from
97.12% or in other words, it resulted increase in accuracy of 1.28% from previous research.
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